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Abstract
LDA technique was used to investigate valve exit flow and in-cylinder flow generated by a directed intake port of a heavy duty Diesel engine under steady and unsteady conditions. There are different types of intake ports for engines. The simplist one is the axisymmetric intake port, though this design is hardly used in the modern engines, the research results on which did give some basic and important information on developing the induction system of engines. For example, the dependent of discharge coefficient on the valve geometry [1] , the effects of valve lift on in-cylinder flow [2] .
The helical and directed port are two main types of intake ports in use. The former is widely used in automotive DI Diesel engines, because it tends to produce higher and more ordered swirl.
References [2] [3] [4] [5] have given the plenty of measured results on the related valve exit flow and induced incylinder flow, even the flow inside this type of port.
The latter-the directed intake port is mainly used in SI engine, IDI Diesel engine and heavy duty Diesel engines. The design of this type of intake port are diverse, depending on whether swirl is needed.
References [6] [7] 
Experimental system and measuring system
For steady measurement, the cylinder head of a DAF DKS1160 Diesel engine was mounted on a blowup type steady flow rig and For unsteady measurement, the same cylinder head and cylinder wall was used, but an intake valve driving system was installed on the cylinder head and a stagnation chamber was placed between the intake port and the compressed air supply, as shown in Fig.2 .
The LDA system in this study operated in the dual-beam, off-axis forward-scattering mode and made use of a 5w Argon Ion laser and a rotating diffraction grating which split the beam and provided frequency preshift. Details of the optical access are given in Table. 1.
The photon correlation was used as the signal processing technique. The signal from photomultiplier was sent to a digital photon correlator (Malvern K7023), which interface to an apple II micro-computer, a set of software [10] was developed to obtain the frequency (velocity) probability density function from autocorrelation function. An important advantage of using photon correlation technique is that low scattering intensity is required and therefore no extra tracing particles are needed. For unsteady measurements, the window ensemble technique was used. A delay counter with a electro-magnetic detector mounted on the camshaft was linked to a strobe unit to enable that the signals were collected only within a preset camshaft angle window. The width of window may be adjusted to about 1 degree camshaft angle. In order to ensure the measuring precision, some measures were used. A theodolite was used to measure the angle between the laser beams at the measuring volume with an accuracy 0.1%. the measurement points were positioned with glass cylinder wall and the angles between the beams were corrected for refraction effects caused by the cylinder wall according the method in reference [11] . The velocity gradient broading was minimized by using very small probe volume dimension, the accuracy of signal processing software were proved to be within 2%. [11] Results and discussion
Valve exit flow -The mean velocities were measured at valve lifts of 5, 9, and 12.7 mm and four orientations around the valve periphery (Fig.1) . The reason that the orientation IV was placed at the current position is that too much scattering effect from wall on the opposite of the orientation II. Along axial direction, the distance between two measuring points is 1mm.Air flow rate was set (Fig.7) .
However, it is found that the radial component almost keeps constant, but axial component increased when the valve opened from 5mm to 9mm therefore the flow angle decreased from A reasonable explaintation for the valve counterclockwise vortex.
With the valve lift increasing, the minimum cross area will move upstream to the valve throat. In such situation, the separating region will expand until the valve exit with a positive pressure gradient. As a result, the mass flow at the orientation III is much lower than that at the orientation I, and the clockwise vortex will dominate over the whole cylinder cross area finally.
Conclusions
The valve exit flow pattern generated by a 
